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• Background
• Concentrator devices
• Methods for testing efficiency
• CFU and qPCR Data
• Other work done at JPL

Overview
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• Current microbial monitoring methods for 
ISS water samples are laborious and time-
consuming. 

• Technological advancement of rapid 
microbial detection and identification 
systems have far outpaced sample 
preparation techniques. 

• Sample concentration technologies are 
needed to meet NASA Medical Operation 
Requirement Document (MORD) 
specification for potable water 

– 5 x 104 CFU/liter.

Problems faced with Microbial Monitoring on the ISS
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Current Concentrator Devices
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• Millipore
– Membrane Filter
– Plate or suspend in desired fluid

• Innovaprep CP-150
– Hollow fiber membrane filter
– No transfer steps needed
– High concentration factor
– Wet-foam elution



Development of the iSSC
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• iSSC stands for the International 
Space Station Smart Sample 
Concentrator.

• Provide ISS capability for rapid 
concentration of microorganisms.

• Concentrate 1L samples into as low 
as 250 µL using hollow fiber 
membrane filtration and wet-foam 
elution.



• iSSC was compared against Innovaprep
CP-150 and Millipore 0.45µm filters.

• 1 bacterial community and 3 model 
organisms  were used to test the 
efficiency of each machine.

• Data obtained includes CFU counts, 
qPCR data of the 16S rRNA gene.

How did we test the efficiency of the iSSC?
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Methods Employed to Determine Concentrator Efficiency
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Efficacy of iSSC system in the detection of 
microbial cells at the concentration of 104 cells 
per liter of water



The average recovery volume after concentration using iSSC was 304 
µL (n=9), CP-150 was 530 µL (n=9), and Millipore was 928 µL (n=9). 

Average Concentration for iSSC, CP-150, and Millipore
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Percent Recovery based on colony count using 104 CFU/ml data
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The average percent 
recovery of S. 

paucimobilis for iSSC
was 52%, CP-150 was 

41%, and Millipore 
was 9%, p=.0769, 

n=12. 

The average percent 
recovery of R. pickettii

for iSSC was 62%, CP-150 
was 39%, and Millipore 
was 8%, p=.0002, n=12. 

The average percent 
recovery of C. 

basilensis for iSSC
was 76%, CP-150 was 

48%, and Millipore 
was 25%, p<.0001, 

n=12. 

The average percent 
recovery of all bacterial 

communities for iSSC
was 63%, CP-150 was 

43%, and Millipore was 
14%, p<.0001, n=36. 

CFU



Concentration efficiency using Smart cycler qPCR data
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Ralstonia pickettii Smart cycler ct value data
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Sphinogmonas paucimobilis Smart cycler ct value data

iS
SC

CP-1
50

Milli
pore

0

1

2

3

Concentrator device

R
at

io
 o

f c
t v

al
ue

s 

Cupriaviuds basilensis Smart cycler ct value data

qPCR
S. paucimobilis: 

Average difference in Ct 
values for iSSC was 1.5, 

CP-150 was 2.5, and 
Millipore was 1.

1 log difference in copy 
# will be ~3 Ct

n=12. 

R. pickettii: 
Average difference in Ct 
values for iSSC was 1.5, 

CP-150 was 2.0, and 
Millipore was 3.

1 log difference in copy 
# will be ~3 Ct

n=12. 

C. basilensis: 
Average difference in Ct 
values for iSSC was 1.5, 

CP-150 was 2.5, and 
Millipore was 1.

1 log difference in copy 
# will be ~3 Ct

n=12. 

Since the copy number variations are 
enormous, DNA extraction efficiency, 

higher concentration of target DNA, and 
other PCR platforms (RAZOR, Light 

Cycler, BioRad) are explored
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Model Microbial Community Composition
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Concentration efficiency of Model Microbial Community using qPCR data
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MMC Smart cycler ct value dataMMC: 
Average difference in 
Ct values for iSSC was 
1.25, CP-150 was 2.5, 
and Millipore was 3.5.

1 log difference in 
copy # will be ~3 Ct

n=12. 



• CFU and qPCR results suggest that the iSSC concentrated more 

microorganisms and relevant 16S rRNA gene copies and hence 

considered better sample concentrator compared to CP-150 and 

Millipore systems.

• Similar experiments will be repeated to test the efficiency of iSSC

concentrator for 103 & 102 dilutions per liter.

• Coordinate with KSC in evaluating iSSC system for “microbial 

monitoring” applications using RAZOR. 

Overall Conclusions and Future Directions for iSSC Project
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